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Abstract. Stream interaction regions (SIRs) that corotate
with the Sun (corotating interaction regions, or CIRs) are
known to cause recurrent geomagnetic storms. The Earth’s
L5 Lagrange point, separated from the Earth by 60 degrees in
heliographic longitude, is a logical location for a solar wind
monitor – nearly all SIRs/CIRs will be observed at L5 several days prior to their arrival at Earth. Because the Sun’s
heliographic equator is tilted about 7 degrees with respect to
the ecliptic plane, the separation in heliographic latitude between L5 and Earth can be more than 5 degrees. In July 2008,
during the period of minimal solar activity at the end of solar
cycle 23, the two STEREO observatories were separated by
about 60 degrees in longitude and more than 4 degrees in heliographic latitude. This time period affords a timely test for
the practical application of a solar wind monitor at L5. We
compare in situ observations from PLASTIC/AHEAD and
PLASTIC/BEHIND, and report on how well the BEHIND
data can be used as a forecasting tool for in situ conditions at
the AHEAD spacecraft with the assumptions of ideal corotation and minimal source evolution. Preliminary results show
the bulk proton parameters (density and bulk speed) are not
in quantitative agreement from one observatory to the next,
but the qualitative profiles are similar.
Keywords. Interplanetary physics (Solar wind plasma) –
Ionosphere (Modeling and forecasting)

1

Introduction

Space weather prediction is becoming increasingly important as people rely more and more on technology. Transient events such as coronal mass ejections and solar flares
are not the only causes of space weather. Corotating solar
Correspondence to: K. D. C. Simunac
(k.simunac@unh.edu)

wind structures such as stream interaction regions (SIRs) are
known to cause recurrent geomagnetic storms (Zhang et al.,
2008; Tsurutani et al., 2006). The flux of relativistic electrons at geostationary orbit has also been correlated with the
trailing edges of high-speed streams (Baker et al., 1990; Li
et al. 2001). By placing a solar wind monitor at the L5 Lagrange point of the Sun-Earth system, nearly all corotating
solar wind streams can be observed in situ 3 to 5 days prior
to their arrival at Earth. An L5 solar wind monitor has been
proposed by groups including Akioka et al. (2005) and Webb
et al. (2009).
The heliographic longitude separation between Earth and
L5 is 60 degrees. Because the Sun’s heliographic equator is
tilted about 7 degrees with respect to the ecliptic plane, the
separation in heliographic latitude between L5 and Earth can
be more than 5 degrees. This relatively small latitude separation is potentially enough to result in substantially different
stream structures at the two points of observation (Schwenn,
1990; Leske et al., 2008; Mason et al., 2009; Simunac et al.,
2009). Simunac et al. (2009) compared the expected and observed time delay between the observations of stream interfaces on STEREO/B and STEREO/A over heliographic longitude separations ranging from 2 to 48 degrees. They found
significant deviations from the expected time-of-arrival when
the spacecraft were separated by more than 20 degrees of
longitude. Figure 1 shows that NASA’s Solar Terrestrial Relations Observatory (STEREO) satellites were separated by
about 60 degrees in longitude and more than 4 degrees in heliographic latitude during the month of July 2008. This time
period is a logical test for the practical application of a solar
wind monitor at L5.

2

Data and observations

The data used in this study are from the Plasma and
Suprathermal Ion Composition (PLASTIC) investigation
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Fig. 1. The STEREO observatories’ separation versus time in heliographic longitude (top) and latitude (bottom).

Fig. 3. Illustration of a solar wind stream in the idealized Carrington
frame. The points at which the STEREO observatories intersect the
stream are indicated with the small circles, open for AHEAD and
filled for BEHIND.

dial and longitudinal separations are taken into account, but
latitude separation is neglected. The two observatories encounter the same stream at different Carrington longitudes
due to the difference in heliocentric distance, as illustrated
in Fig. 3. The Carrington longitude at which STEREO/A is
expected to encounter a given stream (ϕCARR Expected ) can be
calculated (Eq. 1):
ϕCARR
Fig. 2. Solar wind bulk speed measured by PLASTIC/BEHIND in
July 2008.

aboard STEREO. PLASTIC is a time-of-flight mass spectrometer that samples ions with energy per charge between
0.3 keV/e and 86 keV/e. For an extensive description of
PLASTIC see Galvin et al. 2008. Solar wind proton parameters including bulk speed, density, kinetic temperature, and
flow angle are available with one-minute time cadence. For
this study the data were averaged over one-hour intervals.
Figure 2 is a plot of solar wind speed observed by PLASTIC/BEHIND versus time. There are two high-speed streams
with flows that exceed 550 km/s. The solar wind proton
speeds at STEREO/B are used to predict the solar wind
speeds at STEREO/A under the assumptions of perfect corotation and radial solar wind flow with constant speed between
the heliocentric radii of the two observatories. These assumptions are most likely to be valid during periods of minimal solar activity, as was the case in July 2008. The simplest frame in which to carry out the radial and longitudinal
propagation is the idealized Carrington frame. In this representation each solar wind stream is a static Parker-spiral-like
curve, and the observatories move in clockwise orbits (when
viewed from the North) intersecting the streams. Both the raAnn. Geophys., 27, 3805–3809, 2009

Expected

= ϕCARR

B

−

Sun (RB − RA )
,
VSW B

(1)

where ϕCARR B is the Carrington longitude of STEREO/B,
RB and RA are the respective observatory’s orbital radius,
and VSW B is the solar wind speed measured at STEREO/B.
Sun is the angular speed at which the Sun rotates. For this
study the solar equatorial photospheric speed of 14.38 degrees per day (Newton and Nunn, 1951) was assumed. Expected Carrington longitude is calculated rather than a time
shift because the speed at which the observatories travel is
not constant. Carrington longitudes can be converted to times
using the STEREO orbit ephemerides.
Figure 4 shows both the expected and actual solar wind
speeds measured by PLASTIC/AHEAD during July 2008
with the x-axis in terms of Carrington number. Error bars on
the predicted speeds are ±100 km/s. The trends in the measured solar wind speed agree well with the prediction. Both
high-speed streams were observed at their predicted Carrington longitudes. The stream interfaces, as defined by Burlaga
(1974), were offset from their predicted times of arrival by
several hours. The measured bulk speeds fell inside the ±100
km/s error bar of the predicted speed 95% of the time. The
predicted and actual speeds agreed within 50 km/s 60% of
the time.
Figure 5 shows the proton densities measured by PLASTIC/BEHIND during July 2008. The proton densities
www.ann-geophys.net/27/3805/2009/
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Fig. 4. Predicted and observed solar wind speed at PLASTIC/AHEAD during July 2008. An uncertainty of ±100 km/s on
the predicted speed is shown with grey shading, while the observed
values are given by the solid black curve.

Fig. 6. Predicted and observed proton density at PLASTIC/AHEAD
for July 2008. The uncertainty on the predicted density is shown
with grey shading. The solid black curve shows the measured values.

3

Fig. 5. Solar wind proton density measured by PLASTIC/BEHIND
in July 2008.

measured by PLASTIC/BEHIND were used to predict the
densities at PLASTIC/AHEAD by assuming constant flux
through a spherical shell of radius R, and assuming the solar wind speed is the same at both observatories. In other
words, the density measured at PLASTIC/BEHIND is scaled
by a factor (RB /RA )2 , where RB and RA are the heliocentric
distances of the two STEREO observatories.
Figure 6 shows the predicted and measured proton densities at PLASTIC/AHEAD. The uncertainty was calculated assuming the solar wind speed could change by up to
100 km/s between observations, and that the density measured at STEREO/BEHIND has an uncertainty of 10 percent or less. The trends in the proton densities agree with
the predictions, but in some cases the magnitudes are off by
more than a factor of two from the predicted values. The
proton densities are lower than expected at STEREO/A prior
to arrival of the first high-speed stream. This may be explained by the difference in slow solar wind speed between
STEREO/B and STEREO/A, which was contrary to our assumption of constant solar wind speed. The density measured at STEREO/A immediately prior to the second highspeed stream agrees well with the predicted values. The density enhancement near CR 2072.5 is smaller than expected.

www.ann-geophys.net/27/3805/2009/
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Discussion

Miyake et al. (2005a, b) conducted a correlation study using data from the “Nozomi” spacecraft and the Advanced
Composition Explorer (ACE) when they were separated by
greater than 50 degrees heliographic longitude. Solar wind
speed measurements at “Nozomi” were obtained for H+ or
He++ when the solar wind speed was greater than 400 km/s.
These were correlated with the solar wind speed measured by
ACE by calculating a time lag needed to account for both solar rotation and the different heliocentric distances of the two
spacecraft. The Miyake et al. (2005a, b) study took place
during solar max conditions, so transient streams had to be
removed from their data set. They found a correlation coefficient of 0.68 for longitude separations between 50◦ and 110◦ ,
and found that 90% of the solar wind speeds at Nozomi fell
within 100 km/s of the value at ACE. Our study takes place
under solar min conditions when there were no interplanetary
coronal mass ejections (ICMEs), and includes proton density
in addition to the solar wind proton speed.
Figure 7 shows the bulk speed measured at PLASTIC/AHEAD versus the speed measured at PLASTIC/BEHIND with appropriate time shifting. A linear
fit forced to zero at the intercept has coefficient of determination R 2 =0.69. 95% of the time solar wind speeds at
PLASTIC/AHEAD fell within 100 km/s of the speed at
PLASTIC/BEHIND. 60% of the time the speeds fell within
50 km/s of each other. The peak solar wind speed measured
at STEREO/AHEAD is within 5% of the peak speed at
STEREO/BEHIND for the first high-speed stream. In the
case of the second high-speed stream the maximum speed
recorded at STEREO/AHEAD is less than the maximum
speed at STEREO/BEHIND by about 15%.
Figure 8 shows the measured proton density at PLASTIC/AHEAD versus the expected density based on measurements at PLASTIC/BEHIND. While a linear trend line can
be fit through the data, the overall correlation is poor. This
may be due in part to the assumption of constant solar wind
speed. Incorporation of remote imaging data could potentially lead to better density predictions because the speed of
Ann. Geophys., 27, 3805–3809, 2009
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Table 1. Expected and observed times of stream interface arrival.
Arrival at STEREO/BEHIND

Expected time at STEREO/AHEAD

Arrival at STEREO/AHEAD

9 July 2008, 23:00 UTC
20 July 2008, 22:00 UTC

13 July 2008, 23:00 UTC
25 July 2008, 02:00 UTC

13 July 2008, 16:00 UTC
25 July 2008, 11:00 UTC

Difference [h]
−7
+9

Fig. 7. Solar wind bulk speed correlation between PLASTIC/AHEAD and PLASTIC/BEHIND for July 2008.

Fig. 8. Solar wind proton density correlation between PLASTIC/AHEAD and PLASTIC/BEHIND for July 2008.

the fast solar wind is related to the area of the coronal hole
from which it emanates (cf. Nolte et al., 1976; Wang and
Sheeley, 1990). Viewing changes in the boundaries of the
coronal hole during the days between observations can indicate if the coronal hole is growing or shrinking, which would
suggest the solar wind speed is increasing or decreasing. Assuming flux conservation the density estimate could then be
revised. Another possible cause for poor density correlation
is the evolution of SIR and CIR compression regions – they
become steeper with radial distance, leading to greater compression. This is opposite to the trend of the ambient solar
wind.

These include: coronal hole drift with respect to the equatorial photosphere, evolution of the source region(s), and connecting to different parts of the same coronal hole, likely because of latitude separation.
Elliot et al. (2003) took data from ACE and propagated it
out to Ulysses with the Zeus hydrodynamic code. The heliographic latitude separation between the spacecraft varied
from 0 to 42 degrees during the time period included in their
data set. They often found stream structures that were observed by both spacecraft when latitude separation was less
than 15 degrees. However, the detailed structure in the speed
and density changed between L1 and Ulysses, which Elliot
et al. attribute to stream interactions.

Table 1 lists the times-of-arrival of the interfaces between
slow and fast solar wind streams at both STEREO observatories, the expected times-of-arrival at STEREO/AHEAD, and
the difference between the expected and actual times. The
differences between expected and actual arrival times are less
than 10% of the total corotation times. The first stream (near
CR 2072.3) arrived seven hours earlier than expected, and
the second stream (near CR 2072.6) arrived nine hours later
than expected. There are a number of possible explanations
for the differences between expected and actual arrival times.
Ann. Geophys., 27, 3805–3809, 2009
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Conclusions and future work

The overall solar wind speed profiles were similar between
STEREO/BEHIND and STEREO/AHEAD during this period of minimal solar activity, in spite of heliographic latitude separations that exceeded 5◦ and longitude separations
of about 60◦ . Therefore, a solar wind monitor at the L5
www.ann-geophys.net/27/3805/2009/
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Lagrange point would augment our space weather forecasting capabilities for the Earth.
The simple technique presented here was used to predict
the arrival time of two high-speed solar wind streams to
within 10% of the total corotation time between two observation points separated by about 60◦ in longitude and more
than 5◦ in heliographic latitude. Incorporating remote images
of coronal holes should allow us to refine our predictions for
both the arrival times and the measured in situ properties.
However, with the rise of Solar Cycle 24 we expect the correlation between observations will decrease unless transient
flows, such as ICMEs, are omitted.
Incorporating magnetic field data will be important for
predicting geoeffectiveness. Long duration auroral activity
typical of solar activity minimum periods has been linked
to Alfvén waves with recurring southward Bz in high-speed
streams. Future work would include Alfvénic fluctuations,
to see if they can be predicted over the 60 degree longitude
separation.
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